Abstract. The aim of this study was to report the outcomes and prognostic factors for a cohort of patients with osteosarcoma who presented with metastasis at initial diagnosis. Data of consecutive patients with osteosarcoma and metastatic disease at initial presentation, who were treated and followed up at a single institution, were retrospectively reviewed. The effect of potential factors on overall survival (OS) was analyzed through univariate and multivariate analysis. Between January, 2000 and March, 2013, a total of 135 patients with osteosarcoma, of whom 21 (16.0%) had distant metastasis at initial presentation, were diagnosed and treated at our center and were included in this analysis. The patients were treated with a strategy that integrates multi-agent chemotherapy and resection of all sites of gross disease whenever feasible. The 5-year OS and event-free survival (EFS) were 23.0% and 11.0%, respectively. The factors associated with inferior OS in the univariate analysis included the osteoblastic variant, extrapulmonary metastasis and failure to achieve complete remission. In the multivariate analysis, the osteoblastic variant [hazard ratio (HR)=4.83, 95% confidence interval (CI): 1.16-20.0, P=0.038] and extrapulmonary metastasis (HR=5.0, 95% CI: 1.40-17.94, P=0.018) were the only independent prognostic factors. The current outcomes of patients with osteosarcoma and metastasis at initial diagnosis remained poor. The osteoblastic subtype and extrapulmonary metastatic sites predicted poor survival in our series. To the best of our knowledge, this is the first report of the correlation between the histological subtype and survival for patients with metastatic disease at initial presentation; therefore, confirmation in future studies is required.
Introduction
Osteosarcoma is the most common primary malignant bone tumor in children and adults (1, 2) . Although the survival of patients with primary localized disease has improved significantly since the 1970s with the introduction of active multi-agent chemotherapy (3) (4) (5) , the outcomes of patients who present with metastatic disease remains poor.
Approximately 15% of patients with osteosarcoma present with metastatic disease at initial diagnosis (6) . A number of studies investigated the effect of potential prognostic factors on survival; however, those series were mostly limited to pediatric populations (6) (7) (8) (9) , which makes any interpretation of the data irrelevant for the adult population. Furthermore, the majority of the previous studies included patients who were treated in an older era, with less consistent follow-up schedules and imaging modalities.
In the present study, we report the outcomes and analyze the prognostic factors of adult and pediatric patients with osteosarcomas who presented with metastatic disease at initial diagnosis and who were treated at a single institution in the context of the current era of the multimodality therapy.
Materials and methods
Screening for eligible patients. We retrospectively reviewed the charts of patients with osteosarcoma of the extremities who had metastasis at initial presentation and who were treated and followed up at the King Hussein Cancer Center between January, 2000 and March, 2013.
The following data were retrieved from the medical records of the patients following acquisition of Institutional Review Board approval: Patient age at diagnosis; gender; histological osteosarcoma subtype; sites of metastasis at the time of initial diagnosis; serum alkaline phosphatase (ALP) level at diagnosis; status of the primary tumor (controlled or uncontrolled); therapeutic modalities, including details of any pulmonary metastasectomy (PM) and surgical therapy of the primary tumor; details of systemic chemotherapy, including date of initiation of first-line chemotherapy; and dates of the last follow-up or death.
Osteosarcoma with metastasis at initial diagnosis: Current outcomes and prognostic factors in the context of a comprehensive cancer center
Patients with skip metastasis within the same bone by the primary tumor were excluded if they did not have other sites of distant metastasis.
Staging at diagnosis. All the patients with pathologically confirmed diagnosis of osteosarcoma at our center underwent magnetic resonance imaging (MRI) of the primary tumor, computed tomography (CT) scan of the chest and bone scan. Patients with suspicious bone scan findings underwent additional imaging studies to confirm the presence of bone metastasis.
Follow-up with imaging studies. The follow-up protocols and imaging schedules were consistent at our center during the eligibility period. Follow-up with CT scan of the chest and MRI of the extremities corresponding to the location of the primary tumor was typically performed after every 2 cycles of chemotherapy. Following completion of chemotherapy, imaging studies were performed at 3-month intervals or at any reporting of symptoms that were suggestive of disease progression (DP).
All the radiological assessments were interpreted in accordance to the response evaluation criteria in solid tumors as follows: Complete remission (CR), disappearance of all metastatic lesions; partial remission (PR), ≥30% decrease in the sum of the diameters of the target lesions; DP, appearance of ≥1 new lesions or an increase in the size of target measurable lesions of ≥20% of the sum of the longest diameters; and stable disease (SD), neither sufficient shrinkage to qualify for PR nor sufficient increase to qualify for DP. Therapeutic strategies. All the patients were assessed for surgical resection of the metastasis and the primary tumor whenever feasible. This surgical approach is typically staged and is integrated with perioperative chemotherapy, which includes the same chemotherapeutic protocols that are utilized for patients with localized primary disease. Resectability is defined as the ability to surgically remove the metastasis and the primary tumor without postoperative residual disease.
The patients were treated according to two first-line chemotherapy protocols. Adult patients were treated with cisplatin (100 mg/m2) and doxorubicin (75 mg/m2), both administered on day 1 every 21 days and continued for up to 6 cycles, DP or limiting toxicity. Pediatric patients received high-dose methotrexate (MTX) 12 g/m 2 integrated into their primary cisplatin and doxorubicin regimen. Resection of the metastasis and the primary tumor were typically attempted after 3-4 cycles if the disease was resectable and there was no evidence of DP following chemotherapy.
Statistical analysis. Survival curves were calculated according to the Kaplan-Meier method and were compared by means of the log-rank test. P<0.05 was considered to indicate a statistically significant difference.
Overall survival (OS) was calculated from the time of diagnosis until the last follow-up or death. Event-free survival (EFS) was calculated from the time of diagnosis until the first documentation of progression or recurrence, last follow-up or death. Factors that were identified as significant according to the univariate analysis, were entered into the multivariate analysis utilizing the backward stepwise Cox regression model. All the statistical analyses were performed with SPSS software, version 20 (SPSS, Inc., Chicago, IL, USA).
Results
Eligible patients. Between January, 2000 and March, 2013, a total of 135 patients with osteosarcoma of the extremity were treated and followed up at our institution. Of these patients, 25 had metastatic disease at presentation. Four patients were excluded for skip metastasis in the same bone involved by the primary tumor, without distant metastasis in other sites, leaving 21 patients eligible for this analysis. All the patients had pathological confirmation of their diagnosis at our center. The characteristics of the 21 patients are summarized in Table I .
The median patient age at diagnosis was 18 years (range, 5-32 years). The median interval from the first symptoms until referral to our center was 7 months (range, 3-13 months). The patients had a median follow-up time of 17.5 months (range, 6.4-78 months). The most common metastatic site was the lungs (18 patients, 86.0%). Of the 18 patients with lung metastasis, 3 had concomitant extrapulmonary metastasis, involving the bone in 2 patients and the liver and cardiac muscle in the third patient. In addition, 3 patients presented with extrapulmonary metastasis without lung metastasis (2 with bone and bone marrow metastasis and 1 with bone metastasis alone). Overall, 5 patients (24.0%) had bone metastasis at initial presentation.
During the course of metastatic disease, the lungs remained the most common metastatic site, affecting 20 patients (95.0%), whereas bone metastasis affected 7 (33.0%), bone marrow metastasis 2 (10.0%), liver metastasis 2 (10.0%) and brain metastasis 1 patient (5.0%) (data not shown).
Therapeutic modalities. Eleven patients (52.0%) underwent resection of their primary tumor with limb salvage surgery (LSS) and 4 (19.0%) underwent an amputation, whereas 6 (29.0%) did not undergo resection of their primary tumor (3 of the patients refused amputation) ( Table I ). The metastasis was deemed resectable for 7 patients (33.0%); however, only 4 patients underwent PM in addition to resection of the primary tumor, whereas the remaining 3 were not treated with PM, since they refused amputation and, as such, their metastases were not amenable to resection with curative intent due to the presence of uncontrolled primary tumor. The main reasons for the metastasis being deemed unresectable in 14 patients were the presence of numerous bilateral lung metastases in 6 (43.0%), metastasis involving ≥1 organ in 5 (36.0%) and refusal of amputation in 3 patients (21.0%).
Overall, 4 patients (19.0%) achieved complete remission (CR) (Table II) , all following PM and resection of the primary tumor in addition to multi-agent chemotherapy.
A total of 19 patients (90.0%) were treated with chemotherapy. The first-line chemotherapy included cisplatin and doxorubicin in 11 patients, cisplatin, doxorubicin and MTX in 7 patients and ifosfamide and etoposide in 1 patient. The remaining 2 patients (10.0%) were treated with best supportive care only for poor performance status (Table II) .
Survival outcome.
At the time of analysis, 13 patients (62.0%) had succumbed to their disease and 2 remained alive without evidence of disease for >5 years from their initial diagnosis (at 70 and 78 months following PM).
The 5-year OS and EFS for the entire cohort were 23.0 and 11.0%, respectively. The univariate analysis identified 3 factors that were correlated with inferior OS, namely the osteoblastic subtype of the tumor, failure to achieve CR and presence of extrapulmonary metastases. Failure to achieve CR was the only factor that was found to be correlated with inferior EFS in the univariate analysis (Table II) .
The multivariate analysis identified the osteoblastic subtype and the presence of extrapulmonary metastasis as the only independent predictors for inferior OS (Table III) .
The survival of patients with these two adverse factors was extremely poor. Patients with the osteoblastic subtype had a median OS of 10.5 months, whereas patients with the other subtypes had a median OS of 32.9 months (Fig. 1) . Likewise, the presence of extrapulmonary metastasis predicted inferior OS compared to that of patients with metastases limited to the lungs (10.5 vs. 33.6 months, respectively; Fig. 2 ). Patients with any of these two independent prognostic factors were at ~5-fold increased mortality risk.
Finally, we compared the OS outcomes for 3 groups of patients based on the number of independent prognostic factors present; patients exhibiting both these independent risk factors (n=3) had a median OS of only 6.4 months, patients with 1 risk factor (n=7) had a median OS of 17.0 months and patients with none of the independent adverse prognostic factors (n=11) had a median OS of 33.6 months, P=0.001 (data not shown). We did not observe a significant difference in PFS between patients who had MTX incorporated into their primary cisplatin and doxorubicin regimen and those who did not (median PFS, 3.8 vs. 5.5 months, respectively, P=0.38). Furthermore, the 5-year OS did not differ between the two regimens (26 vs. 29% respectively, P=0.61).
Discussion
The present study clearly demonstrates that patients with metastatic osteosarcoma at initial presentation are heterogeneous and include different subgroups with significant differences in prognosis.
Patients with osteosarcoma and resectable metastases at initial presentation should be managed in a way that is similar to patients with no metastatic disease, i.e., with a surgical approach aimed at complete resection of all the lesions and multi-agent chemotherapy, as there is a chance for cure when treated with such an approach; however, patients with multi-organ metastasis who are beyond resectability should be managed with a palliative intent.
In our series, the achievement of CR following surgery was the only factor that correlated with improvement regarding EFS as well as OS. This finding indicates that achievement of complete surgical remission is the most important predictor for cure. Consistent with our data, completeness of resection predicted a favorable OS for patients with metastatic osteosarcoma at diagnosis in almost all the studies available in the literature (9) (10) (11) (12) . Achievement of CR following complete surgical resection is also the most consistent predictor of survival in the relapse setting (13) (14) (15) (16) .
In our cohort, a notable finding was the low proportion of patients who had undergone complete resection of the metastasis (19.0%), which was significantly lower compared to the proportion of patients who had undergone resection of the metastasis in other series (9,11); a likely explanation for this discrepancy is that our patients presented late, at a more advanced stage of metastatic disease, with a higher proportion of patients with numerous and bilateral lung metastases compared to the patients included in previous studies (6, 9, 10) . This more advanced stage is likely due to late referrals, which lead to a delay in diagnosis and initiation of therapy, as the median time from first reporting the symptoms until presentation to our center was 7 months, which is significantly higher compared to the 2.8-month interval from symptoms to diagnosis reported by Mialou et al (9) . This finding highlights the importance of early referral, as delays may result in presenting with metastatic disease that is beyond resectability. Consistent with our findings, patients with combined metastatic sites fared significantly worse ccompared to patients with metastasis limited to the lungs (11). However, the potential effect of the histological subtype on patient outcomes was not commonly considered, as only a limited number of studies addressed it in the analysis of potential prognostic factors (10, 17) . Although the osteoblastic subtype was an independent predictor of inferior OS in our cohort, Daw et al (10) did not identify a significant correlation between osteoblastic subtype and patient survival.
To the best of our knowledge, our study is the first to suggest that the osteoblastic subtype may exert an independent effect on survival of patients with metastatic osteosarcoma at diagnosis. Bearing in mind that our series was limited by the small sample size, this finding must be interpreted with caution and confirmation from additional studies is required.
Our study did not confirm an association between the degree of pathological necrosis following preoperative chemotherapy and survival, although such a correlation was previously reported (11) ; similarly, we did not identify any prognostic value for high serum ALP, in contrast to what was reported by Mialou et al (9) . We believe that the small number of patients was responsible for the differences based on those factors not reaching statistical significance in our study.
We acknowledge that the small sample size, which renders exploratory sub-analyses not feasible, is an important limitation. An additional limitation is that we were unable to assess the quality of life for the patients included in this analysis, due to the retrospective design. However, our data is relevant to pediatric as well as adult patients, as half of our patient population were adults, a population for which data availability in the literature regarding metastatic osteosarcoma is quite limited. In addition, our data represent the current outcomes of treating metastatic osteosarcoma at diagnosis, as all the included patients were treated after the year 2000, unlike other series that reported the outcomes of patients who were treated in an era of less advanced supportive care and less consistent imaging modalities and schedules.
In conclusion, complete resection of the metastases in addition to multi-agent chemotherapy is the cornerstone of management of patients with metastatic osteosarcoma at initial diagnosis. The presence of extrapulmonary metastasis and osteoblastic tumor subtype predicted inferior survival for our series; however, further confirmation of the effect of histological subtype on survival is required.
